The modifications of kaon properties in pion matter are investigated. In isotopically symmetric pionic matter the kaon mass (energy) does not change in lowest order chiral perturbation theory which describes the interaction between pseudoscalar mesons. At non-vanishing isovector densities the inmedium corrections to the kaon mass are found to be quite small, i.e. less than three MeV. However, a substantial broadening of the kaon width and the renormalization of the kaon propagator lead to an increase of the φ-meson decay width to two kaons by factor ≈ 5 at temperatures T ≈ 200M eV .
I. INTRODUCTION
The theoretical investigation of kaon properties in a dense nuclear environment has a long history [1] [2] [3] [4] [5] . To search for signals of the predicted in-medium modifications at high baryon densities is one of the primary goals of the experiments devoted to the measurements of kaonic observables in intermediate heavy ion reactions [6, 7] . Corresponding transport calculations revealed significant evidence for in-medium modifications of the kaon properties during the course of such reactions [8] [9] [10] . This picture was recently complemented by the measurements of K + production in proton-nucleus reactions [11] .
In ultra-relativistic heavy ion reactions at RHIC energies the situation is quite different.
Here the medium is baryon dilute but meson rich [12] . Since by far the most abundant particles are pions one can speak about pion matter which is created in heavy ion collisions at RHIC energies. It is therefore interesting to consider the modifications of kaon properties in such a pion dominated medium. This question is also interesting from another point of view: The φ(ss) meson is considered as a promising mesonic probe for the fireball in such a reactions [13, 14] . Since the φ decays dominantly to KK it should also reflect medium modifications [15] [16] [17] [18] . Preliminary φ production data have been recently reported by the PHENIX Collaboration [19] at full RHIC energy ( √ s N N = 200 GeV). In this experiment the φ yield was simultaneously measured through the dominant φ → K + K − decay mode and through the decay to dileptons φ → e + e − . Although error bars are still large the branching to the K + K − mode seems to be suppressed by a factor of two compared to its vacuum value.
This fact can presently not be understood only in terms of the rescattering of decay kaons which would destroy the φ signal in coincidence measurements. Hence the question if the φ → K + K − decay width changes inside a pion dominated medium should be considered in this context.
The basis for such investigations is chiral perturbation theory (ChPT) which's primary goal was just the description of the interaction between pseudoscalar mesons (π, K, ...) at low energies. Below we briefly describe the lowest order (in ChPT) chiral Lagrangian and then fix the part of the Lagrangian which is responsible for kaon-pion scattering. The self energy of kaons in pion matter is calculated and this information is used to determine the in-medium φ decay to two kaons.
II. CHIRAL LAGRANGIAN AT LOWEST ORDER
In ChPT the pseudoscalar fields φ a are combined in an unitary 3 × 3 matrix
At lowest order the Lagrangian consists of two terms
where denotes the trace. This Lagrangian contains the following parameters: the pion decay constant F ≃ 93 MeV, the constant B which is related to the quark condensate, The decomposition of U up to the second oder in the fields
yields the Lagrangian L 2 up to second oder
from which the relations between the masses of the pseudoscalar mesons and the quarks are easily derived.
III. KAON-PION SCATTERING.
Let us now expand the matrix U up to fourth oder in the fields followed by the analogous decomposition of the Lagrangian L 2 up to fourth oder. Since we are only interested in kaonpion scattering we set η 8 = 0. Thus
In fourth order in Φ the
Neglecting the term with the total derivative the second expression in (5) can be rewritten as
In the second part of expression (6) the operator −∂ 2 µ acting on the pseudoscalar fields yields either the mass squared or the momentum squared of the corresponding particle, depending on whether the particle is on-mass shell or off-mass shell. Pions will further on be considered as on-mass shell whereas kaons will generally be off-mass shell. Denoting the kaon momentum by p K one obtains from (6) the following contribution to the K − π scattering Lagrangian
Here we have introduced the notations π 2 = π 0 π 0 + 2π
which results in the following contribution to the K − π scattering Lagrangian (we neglect thereby the isospin symmetry breaking by the quark masses setting
The contributions (7,9) describe finally the scattering of an on-shell pion with an off-shell kaon.
Let us now calculate the K − π scattering amplitudes. In the case of isospin symmetry (which is assumed here) there exist only two independent amplitudes M 3/2 , M 1/2 for total isospin 3/2 and 1/2, respectively. They can be derived from the amplitudes for K + π − and
where for forward scattering the corresponding Mandelstam variables are given by
All other scattering amplitudes can either directly be calculated or found by isotopic relations. For example the K + π 0 scattering amplitude is given by
IV. KAON SELF-ENERGY IN PION MATTER
Now we are able to determine the kaon self-energy in pion matter. Pion matter is described by two parameters: the temperature T and the chemical potential µ. The number densities of the pionic isospin states are given by the corresponding Bose-Einstein distribu-
Let us first consider the self-energy of a K + -meson. Using the forward scattering ampli-
and averaging them over the pionic medium in the rest frame of the medium one obtains the self-energy operator
where
is the scalar pion density and
is the vector pion density. The poles of the in-medium
result in the following dispersion relations E ±K for the K + and the K − meson, respectively
The results for K 0 , K 0 are easily obtained from isospin symmetry arguments, i.e. (16) can be considered as a potential energy while the term (n v /2(2F 2 − n s /3)) 2 gives rise to a mass correction
Hence the structure of the in-medium dispersion relation in pionic matter is very similar to that obtained in nuclear matter using lowest order effective chiral Lagrangiens [1, 2, 8] . It contains a scalar mass correction with equal sign and a vector potential with alternating sign for K ± . However, now the mass correction is repulsive rather than attractive and the vector potential has also opposite signs for K ± than in the case of a nuclear medium.
In Fig. 1(a) the mass correction δm K is shown as a function of the chemical potential and the temperature . Figure 1(b) displays the isospin asymmetry a sym = (n v (π
) of the corresponding pionic medium as a function of the same variables. The conclusion which can be drawn from Fig.1 is that the kaon masses, respectively the energies, are not substantially changed in pionic matter. If the medium is isospin symmetric, i.e. n v = 0, there arise no corrections at all to the in-medium kaon dispersion relation.
The kaon propagator in symmetric pionic matter reads now
Such a modification of the propagator results in an enhancement of the φ-meson decay width to two kaons by a factor Z 4 . Another medium modification is a broadening of the kaon
where is ζ 2 is the two particle (pion and kaon) phase space in the scattering process. Kaons become resonances and the φ decay to two kaons should now take the Breit-Wigner distributions of the kaons into account
The resulting enhancement of the φ decay width Γ(φ → K + K − )/Γ 0 and the factor Z 4 are shown in Fig. 2 for isospin symmetric pion matter as the functions of the temperature.
V. CONCLUSION
The investigation of kaon properties in dense nuclear systems has already a long history.
However, at RHIC energies the matter which is created in the heavy ion collisions is pion dominated rather than baryon dominated. Hence, in the present work we considered the modifications of the kaon properties in pionic matter. In isospin symmetric pion matter the mass, respectively the energy of a kaon is not changed in lowest order chiral perturbation theory. The corrections due to a non-vanishing isovector density are also small, i.e. of the order of a few MeV. Nevertheless, kaons acquire a substantial broadening of their width and the kaon propagator is renormalized. These two modifications result in an enhancement of the φ-meson decay width to two kaons by a factor ≈ 5 at temperatures T ≈ 200MeV .
We have not considered the interaction of the φ-meson with the pionic medium which is presumably small. 
